FRAME SYNCHRONIZING CIRCUIT 



BACKGROUND OF THE INVENTION 

The present invention relates to a frame synchronizing 
circuit which establishes frame synchronization by detecting 
a predetermined sync (synchronization) pattern in a frame or 
frames. 

Conventionally , in transmitting digital data by frame , 
a technique is commonly employed that a sync pattern is 
incorporated in each frame at a predetermined position and 
frame synchronization is established on the reception side 
by detecting it. For example, Japanese Patent Laid-Open 
Publications Nos. 5-37515, 63-236434, and 6-164572 have 
disclosed various frame synchronizing circuits in which a main 
synchronization circuit and an auxiliary synchronization 
circuit are combined. 

As disclosed in the above publications, by virtue of the 
presence of the auxiliary synchronization circuit in addition 
to the main synchronization circuit, even if the main 
synchronization circuit is rendered in a 

pseudo-synchronization state, another synchronization state 
can be established. 

In the frame synchronizing circuit disclosed in Japanese 
Patent Laid-Open Publication No. 5-37515, a judgment circuit 
compares the number of errors detected by the main 
synchronization circuit with the number of errors detected 
by the auxiliary synchronization circuit to judge whether the 
main synchronization circuit is in a pseudo-synchronization 
state, ; if the former number is larger than the latter number, 
the sync position of the auxiliary synchronization circuit 
is set as a sync position of the main synchronization circuit. 
Because of execution of a large number of steps, the frame 
synchronizing circuit has a problem that it takes long time 
to establish synchronization again. 

In the frame synchronizing circuit disclosed in Japanese 
Patent Laid-Open Publication No. 63-236434, an unprotected 
sync position is established because the main synchronization 



nr3.pQ/Qr> ■ 



37 



RLJMO. 



circuit enables only forward protection. Therefore, after 
a synchronization state established by the main 
synchronization circuit is broken, in many cases a correct 
sync position is detected by the auxiliary synchronization 
circuit having a backward protection function. This frame 
synchronizing circuit still has a problem that it takes long 
time until synchronization is established reliably. 

In the frame synchronizing circuits disclosed in the above 
two publications , if a false pattern similar to the sync pattern , 
that is, a pseudo-sync pattern is included in frames 
periodically, a sync position is set based on the pseudo-sync 
patterns and thereafter returning to a correct sync position 
is disabled. As a countermeasure against such a problem, the 
frame synchronizing circuit disclosed in Japanese Patent 
Laid-Open Publication No. 6-164572 performs error detection 
using a CRC code. However, the auxiliary synchronization 
circuit in the frame synchronizing circuit starts a pull-in, 
synchronization operation for the next sync position when the 
main synchronization circuit pulls out of synchronism, is out 
of synchronization. Therefore, the frame synchronizing 
circuit has a problem that it takes long time to re-establish 
synchronization after it is in the out-of-sync state. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a frame synchronizing circuit capable of detecting 
a correct synchronization position and reducing the time for 
establishment of synchronization. 

According to an aspect of the present invention, there 
is provided a frame synchronizing circuit comprising: a 
synchronization pattern detecting unit that detects a first 
pattern and a second pattern each similar to a predetermined 
synchronization pattern in input data within a predetermined 
period of time; a first frame synchronizing unit that 
synchronizes with the first pattern at the first position of 
the input data; a second frame synchronizing unit that 
synchronizes with the second pattern at the second position 
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of the input data; and a first error detecting unit that detects 
that the first position is different from the position of the 
predetermined synchronization pattern, that controls the 
first frame synchronizing unit to operate in accordance with 
the second position. 

When a first pattern and a second pattern similar to the 
predetermined synchronization pattern are detected in the 
incoming frame, the synchronization by the first frame 
synchronizing unit based on the position of the first pattern 
and the synchronization by the second frame synchronizing unit 
based on the position of the second pattern are simultaneously 
carried out . If the position of the first pattern is different 
q from the position of the predetermined synchronization pattern, 

tfj the position of the second pattern is used for another 

If synchronization by the first frame synchronizing unit. This 

C9 reduces the time for establishment of another synchronization . 

'2 It is preferable that the synchronization by the first 

Kj frame synchronizing unit and the synchronization by the second 

L frame synchronizing unit differ from each other. If the 

y position of the first pattern and the position of the second 

^ pattern coincide with each other, the second frame 

f*j synchronizing unit carries out the synchronization different 

Q from that of the first frame synchronizing unit, which can 

provide different synchronization. 

Preferably, the frame synchronizing circuit further 
comprises a second error detecting unit that detects that the 
second position is different from the position of the 
predetermined synchronization pattern, wherein the 
synchronization pattern detecting unit detects a third pattern 
similar to the predetermined synchronization pattern in the 
input data, and controls the second frame synchronizing unit 
to operate in accordance with the third position. When the 
position of the second pattern is not true, the third pattern 
is searched for. This reduces the probability that the 
synchronization by the first frame synchronizing unit is 
repeated on the basis of wrong or false positions, which leads 
to reduction of the time for the first synchronization unit 
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to complete synchronization . 

It is preferable that the first error detecting unit 
detects that the first position is different from the position 
of the predetermined synchronization pattern based on 
information other than the synchronization pattern in the frame . 
Using information other than the synchronization pattern in 
the frame enables correctly detecting whether the position 
of the first pattern is true or false . It is further preferable 
that the information includes a CRC code, and when detecting 
the out-of-synchronization state of the frame continues for 
a predetermined period of time by using the CRC code, the first 
error detecting unit detects that the first position is not 
the position of the predetermined synchronization pattern. 
Using the CRC code as the information enables correct and 
efficient detection of whether or not the position of the first 
pattern is the position of the predetermined synchronization 
pattern, 

it is preferable that the synchronization by the second 
frame synchronizing unit is selectively disabled by setting 
a predetermined mask. Selectively disabling the 
synchronization of the first frame synchronizing unit by 
setting a mask prevents wrong detection of a pattern that is 
laid in the information other than the predetermined 
synchronization pattern in the frame and is similar to the 
predetermined synchronization pattern. 

Preferably, the frame synchronizing circuit further 
comprises a third error detecting unit that detects that the 
first position is different from the position of the 
predetermined synchronization pattern, based on a bit error 
with respect to the first pattern. Using the bit error with 
respect to the first pattern enables quick transition to 
another synchronization, which shortens the time for 
establishment of synchronization. 

According to another aspect of the present invention, 
there is provided a frame synchronizing circuit comprising: 
a synchronization pattern detecting unit that detects a 
plurality of patterns similar to a predetermined 
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synchronization pattern in the input data ; a plurality of frame 
synchronizing units that each synchronize with one of the 
plurality of the patterns specified in order of detection at 
the position of the input data; and a first error detecting 
unit that detects that a first position of the plurality of 
positions is different from the position of the predetermined 
synchronization pattern, that controls the frame 
synchronizing unit corresponding to the first position to 
operate in accordance with a second position of the plurality 
of positions other than the first position. 

When a plurality of patterns similar to the predetermined 
synchronization pattern are detected in the frame , a plurality 
^ of synchronization are carried out by the plurality of frame 

2 synchronizing units based on the respective positions of the 

\M detected patterns. This provides a large number of candidate 

J: positions capable of serving as the position of the first 

toy pattern, which reduces the time for the first frame 

synchronizing unit to complete establishment. 

O BRIEF DESCRIPTION OF THE DRAWINGS 

yi FIG. 1 is a block diagram showing the principle of the 

IM* present invention; 

55 FIG. 2 is a block diagram showing a frame synchronizing 

circuit according to an embodiment of the invention; 

FIG. 3 shows an example configuration of a communication 
system which includes various apparatuses that are equipped 
with the frame synchronizing circuit of FIG. 2; 

FIG. 4 shows a configuration of a DS1 multi-frame; 

FIG. 5 shows signal output timing in a case where a 
plurality of FPS detection notification signals are output; 

FIG. 6 is a synchronization state transition diagram 
corresponding to a main counting section; 

FIG. 7 is a flowchart showing an operation of maintaining 
a synchronized state of the main counting section that depends 
on the judgment result of a consecutive CRC errors judgment 
section; 

FIG. 8 shows a synchronization state transition diagram 
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corresponding to a sub-counting section; 

FIG. 9 shows the detailed configuration of the main 
counting section; 

FIG, 10 shows the detailed configuration of the 
sub-counting section; 

FIG. 11 is an operation timing chart of the main counting 
section; and 

FIG. 12 is an operation timing chart of the sub-counting 
section. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

A frame synchronizing circuit according to an embodiment 
of the present invention will be hereinafter described with 
reference to the accompanying drawings . 

FIG. 1 is a block diagram showing the principle of the 
invention . As shown in FIG . 1 , the frame synchronizing circuit 
of this invention comprises a sync pattern detecting unit, 
a first frame synchronizing unit , a second frame synchronizing 
unit, and a first error detecting unit. 

FIG. 2 is a block diagram showing the frame synchronizing 
circuit according to the embodiment. The frame synchronizing 
circuit 100 of FIG. 2 incorporates a sync pattern detection 
section 110 and a synchronizing section 120. The 
synchronizing section 12 0 includes a main counting section 
130, a sub-counting section 140, two out-of-sync detection 
sections 150 and 160, a CRC error detection section 170, and 
a consecutive CRC errors judgment section 180 . DS1 reception 
data and a DS1 reception clock signal that have been extracted 
from a first-group DS1 signal for North America, for example, 
are input to the frame synchronizing circuit 100. The frame 
synchronizing circuit 100 establishes frame synchronization 
by detecting a predetermined sync pattern in the DS1 reception 
data. 

FIG. 3 shows an example configuration of a communication 
system (e.g., a system using a DS1 network for transmitting 
a first-group signal) which includes various apparatuses that 
are equipped with the frame synchronizing circuit 100 of FIG. 
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2. As shown in FIG. 3, DS1 terminals TE1 and TE2 are connected 
to a DS1 network 900 . Data is exchanged between the terminals 
TE1 and TE2 by using frames having a predetermined format. 
The DS1 network 900 is connected to another DS1 network 910 
and another kind of network 920. Data is transferred between 
those networks. In such a communication system in which a 
communication is performed via the DS1 network 900 , data that 
is exchanged among the DS1 terminals TE1 , TE2 andtheDSl network 
900 includes a predetermined sync pattern for every 2 4 frames 
(e.g. , every multi-frame) . The frame synchronizing circuit 
100 provided in the DS1 terminals TE1 and TE2 and in the DS1 
network 900 that are going to receive frames starts a capturing 
operation in which synchronization will be established when, 
for example, two consecutive sync patterns in respective 
multi-frames have been detected. 

FIG. 4 shows the structure of a DS1 multi-frame. One 
DS1 multi-frame is formed by 24 frames (0th-23rd frames) each 
consisting of 193 bits. A 1-bit F (frame) bit is located at 
the head of each frame and a predetermined sync pattern is 
formed by the six F bits of the 3rd, 7th, 11th, 15th, 19th, 
and 23rd frames. Each of those six F bits is called "FPS 
(framing pattern sequence) bit." The six FPS bits 
collectively form an FPS pattern as a sync pattern. 
Specifically, "001011" is set as the FPS pattern. 

The six F bits of the 1st, 5th, 9th, 13th, 17th, and 21st 
frames collectively form a CRC (cyclic redundancy check) 6 
bits. Existence of a transmission error in a received DS1 
multi-frame can be detected by calculating the value of the 
CRC code based on the received DS1 multi-frame and checking 
whether it is equal to the value of the correct CRC 6 bits. 
If synchronization is established at an erroneous sync position , 
the presence of the error should be detected based on the CRC 
6 bits. Therefore, in this embodiment, if such a CRC error 
state continues for a long time, it is judged that the already 
established synchronization state is in error. 

Next, the detailed configuration of the frame 
synchronizing circuit 100 of FIG. 2 will be described. The 



sync pattern detection section 110 shown in FIG, 2 detects 
two consecutive FPS patterns from a received DS1 signal. As 
described above, each DS1 multi-frame consists of 24 frames 
and FPS bits constituting an FPS pattern are the F bits of 
the 3rd, 7th, 11th, 15th, 19th, and 23rd frames , respectively. 
Therefore, two consecutive FPS patterns can be detected by 
monitoring whether 12 bits extracted from the DS1 signal at 
a period of 772 bits coincide with the bit sequence 
("001011001011") of two consecutive FPS patterns. When 
detecting such a coincident state, the sync pattern detection 
section 110 outputs a pulse-like FPS detection notification 
signal. If FPS patterns that are included in DS1 multi-frames 
O that are thereafter input sequentially are correct, FPS 

^ detection notification signals are output at the same intervals 

45 as the input interval of the multi-frames. 

5? The sync pattern detection section 110 outputs an FPS 

no 

detection notification signal also when detecting, after 
RJ detecting two consecutive FPS patterns first, another two 

S-! consecutive FPS patterns at a different bit position, 

y Therefore, in this case, two or three or more FPS detection 

2 notification signals are generated within the one multi-frame 

Q input period T. 

M FIG. 5 shows signal output timing in a case where plural 

kinds of FPS detection notification signals are output. When 
detecting two consecutive correct FPS patterns, the sync 
pattern detection section 110 thereafter outputs first-kind 
FPS detection notification signals a at the period T that is 
equal to the input interval of DS1 multi-frames. If other 
one or plural kinds of two consecutive correct FPS patterns 
(other two kinds in FIG. 5) exist in the multi-frames at other 
bit positions, the sync pattern detection section 110 also 
outputs second and third-kind FPS detection notification 
signals b and c that correspond to those respective bit 
positions. 

The synchronizing section 12 0 serves to establish 
synchronization of a DS1 signal based on FPS detection 
notification signals that are output from the sync pattern 
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detection section 110. The main counting section 130 acts 
to establish main synchronization in response to a first-input 
FPS detection notification signal, and the sub-counting 
section 140 acts to establish sub-synchronization at a 
different time point than when the main synchronization is 
established. 

The main counting section 130 starts a counting operation 
for the 4,632 bits constituting one multi-frame when a 
first-kind FPS detection signal a is output from the sync 
pattern detection section 110, and generates a multi-frame 
timing signal MFT once per multi-frame. The multi-frame 
timing signal MFT is output as a sync signal that is output 
from the frame synchronizing circuit 100. The out-of-sync 
^ detection section 150, the CRC error detection section 170, 

W\ and the consecutive CRC errors judgment section 180 perform 

JG ... . . 

respective operations by using, as a reference, a sync position 

M that is set by the main counting section 130. 

■ f% 

The out-of-sync detection section 150 extracts 

I! HI 

■ s - consecutive four bits from the FPS pattern in a multi-frame 

Q that corresponds to a sync position that is set by the main 

counting section 130, and detects that the out-of-sync state 
H= has occurred when two bits of those four bits are in error. 

3^ Four consecutive bits need not always be extracted from one 

multi-frame and may be extracted from two consecutive 

multi-frames. 

The CRC error detection section 17 0 extracts CRC 6-bit 
data from each input multi-frame and detects an error, if any, 
in each bit data of a multi-frame based on the extracted CRC 
6-bit data. When detecting such an error, the CRC error 
detection section 170 outputs a CRC error notification signal 
El to the consecutive CRC errors judgment section 180. 

The consecutive CRC errors judgment section 180 monitors 
presence of a CRC error notification signal El to be input 
from the CRC error detection section 170 and its input period. 
If CRC error notification signals El are input consecutively 
during a period of 32 multi-frames, the consecutive CRC errors 
judgment section 180 forwards a re-synchronization 
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instruction signal E2 that orders re-synchronization setting 
to the main counting section 130. The above-described 
out-of-sync detection section 150 detects the out-of-sync 
state when, for example, two of four bits of a sync pattern 
are in error. However, in such a simple detecting operation, 
even when a particular bit pattern that arises periodically 
is erroneously detected as the FPS pattern and synchronization 
is thereby established at an erroneous position, such a state 
may continue for a long time. To prevent such an event, the 
out-of-sync state is detected based on a judgment result of 
the consecutive CRC errors judgment section 180. 

The sub-counting section 14 0 starts a counting operation 
for the 4,632 bits constituting one multi-frame when a 
second-kind FPS detection notification signal (e.g., a signal 
b shown in FIG. 5) is output from the sync pattern detection 
section 110. Therefore, the sub-counting section 140 
operates at different time point than when the main counting 
section 130 does, and the out-of-sync state detection section 
160 operates using, as a reference, a sync position that is 
set by the sub-counting section 14 0. 

For example, the out-of-sync detection section 160 
extracts four consecutive bits from an FPS pattern in a 
multi-frame that corresponds to a sync position that is set 
by the sub-counting section 140, and detects that the 
out-of-sync state has occurred when two bits of those four 
bits are in error. As in the case of the out-of-sync detection 
section 150 for the main counting section 130 , four consecutive 
bits need not always be extracted from one multi-frame and 
may be extracted from two consecutive multi-frames. 

With respect to the relationship between the embodiment 
and the claims, the above-described sync pattern detection 
section 110 corresponds to the sync pattern detecting unit, 
the main counting section 130 corresponds to the first frame 
synchronizing unit, the sub-counting section 140 corresponds 
to the second frame synchronizing unit , the CRC error detection 
section 170 and the consecutive CRC errors judgment section 
180 correspond to the first error detecting unit, the 
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out-of-sync detection section 160 corresponds to the second 
error detecting unit, and the out-of-sync detection section 
150 corresponds to the third error detecting unit. 

Next, the operation of the frame synchronizing circuit 
100 will be described, 

FIG. 6 is a synchronization state transition diagram of 
the main counting section 130 . The state of the main counting 
section 130 is initially in an out-of-sync state. On receiving 
an FPS detection notification signal that is output from the 
sync pattern detection section 110, the main counting section 
130 makes a transition to a synchronized state. At this time, 
an enable signal EN is sent from the main counting section 
130 to the out-of-sync detection section 150 and the 
consecutive CRC errors judgment section 180 , which in response 
perform respective out-of-sync detecting operations. 

To the contrary, a transition from a synchronized state 
to an out-of-sync state is made when the out-of-sync detection 
section 150 detects the out-of-sync state . If the out-of-sync 
state is detected, an out-of-sync detection signal MOUT is 
output from the out-of-sync detection section 150 to the main 
counting section 130. When detecting the signal, the main 
counting section 130 stops the counting operation that has 
been performed in response to a FPS detection notification 
signal that has been output from the sync pattern detection 
section 110. Therefore, the output of a multi-frame timing 
signal MFT is stopped and an out-of-sync state is kept 
thereafter. 

When the consecutive CRC errors are detected by the 
consecutive CRC errors judgment section 180, the synchronized 
state is maintained eventually in the same way as when no CRC 
errors are detected. However, the synchronized state changes 
depending on whether the sub-counting section 140 is in a 
synchronized state or an out-of-sync state. 

FIG. 7 is a flowchart showing an operation of maintaining 
a synchronized state of the main counting section 130 that 
depends on the judgment result of the consecutive CRC errors 
judgment section 180. Upon making a transition to a 
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synchronized state, the main counting section 130 judges 
whether the consecutive errors judgment section 180 (step 
100) has detected consecutive CRC errors. If consecutive CRC 
errors have not been detected by the consecutive errors 
judgment section 180 , the judgment operation of step 100 is 
repeated. If consecutive CRC errors are detected, the 
consecutive CRC errors judgment section 180 outputs a 
re-synchronization instruction signal E2, and the main 
counting section 130 judges whether the sub-counting section 
140 is in a synchronized state ( step 101 ) . If the sub-counting 
section 14 0 is in a synchronized state, the main counting 
section 130 captures a count value of the counter 141 of the 
sub-counting section 140 and establishes a new synchronized 
state (step 102). On the other hand, if the sub-counting 
section 14 0 is in an out-of-sync state, the current 
synchronized state is maintained. 

Whether to enable or disable the above operation mode 
of causing the main-counting section 130 to capture a sync 
position of the sub-counting section 140 can be set externally 
(this operation mode is called "re-synchronization mode"). 
For example, if a re-synchronization mask setting signal M 
that is input to the main counting section 130 is kept in a 
low-level state, thereafter the re-synchronization mode 
operation of the main counting section 130 is disabled. 

FIG. 8 shows a synchronization state transition diagram 
of the sub-counting section 140. The sub-counting section 
140 is initially in an out-of-sync state. If the main counting 
section 130 is in a synchronized state and the sub-counting 
section 140 receives an FPS detection notification signal that 
is output from the sync pattern detection section 110, the 
sub-counting section 14 0 makes a transition to a 
sub-synchronized state at a different position from the sync 
position that was established by the main counting section 
130. At this time, an enable signal EN is sent from the 
sub-counting section 140 to the out-of-sync detection section 
160, which starts detecting the out-of-sync state. 

If the out-of-sync state is detected by the out-of-sync 
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detection section 160 , an out-of-sync detection signal SOUT 
is output from the out-of-sync detection section 160 to the 
sub-counting section 140, Upon reception of the signal, the 
sub-counting section 140 stops the counting operation that 
was started in response to the FPS detection notification 
signal that was output from the sync pattern detection section 
110 and makes a transition from the sub-synchronized state 
to an out-of-sync state. 

As described above , if the consecutive CRC errors judgment 
section 180 detects consecutive CRC errors for 32 multi-frames 
that correspond to a sync position that has been set by the 
main counting section 130, a sync position of the sub-counting 
section 140 is captured by the main counting section 130. Also 
at this time, the sub-counting section 140 makes a transition 
from the synchronized state to an out-of-sync state. For 
example, assume a case that in the example of FIG. 5 the main 
counting section 130 is in a synchronized state receiving FPS 
detection notification signals a and the sub-counting section 
140 is in a synchronized state receiving second-kind FPS 
detection notification signals b. If consecutive CRC errors 
are detected by the consecutive CRC errors judgment section 
180, the sync position of the sub-counting section 140 is 
captured by the main counting section 130 and the sub-counting 
section 14 0 makes a transition to an out-of-sync state. When 
receiving a third-kind FPS detection notification signal c, 
the sub-counting section 140 again makes a transition to a 
synchronized state at a sync position corresponding to the 
input time point of the FPS detection notification signal c. 

Next, the details of the main-counting section 130 and 
the sub-counting section 140 will be described. 

FIG . 9 shows the configuration of the main counting section 
130 and the connections thereof to peripheral sections. As 
shown in FIG. 9, the main counting section 130 includes a counter 
131, a decoder 132, two AND gates 133 and 138, two flip-flops 
(FFs) 134 and 135, a check counter 136, and a buffer 137. 

When a main reset signal MRST is input to the main counting 
section 130, a counting operation of the counter 131 is reset 



and the counting initial value thereof is set at "0. " If the 
count value of the check counter 136 becomes "1," the counter 
131 cyclically performs a counting operation in a count value 
range of "0" to "4 , 631" in synchronism with DS1 reception clock 
signals. The decoder 132 receives an m-bit parallel output 
(13 bits are needed to express up to "4,631") of the counter 
131. The output of the decoder 132 is at a high level if the 
m bits have predetermined values, respectively, and is at a 
low level if the m bits do not have the predetermined values, 
respectively. For example, the decoder 132 is set so that 
the output of the decoder 132 is at a high level if the count 
value of the counter 131 is "0," and is at a low level if the 
count value is a value other than "0." 

The AND gate 133 ANDs two signals that are input to its 
two input terminals. One input terminal receives a signal 
that is output from the decoder 132 , and the other input terminal 
receives a signal obtained by delaying an FPS detection 
notification signal that is input to the main counting section 
130 via the flip-flop 134 by one period of the reception clock 
signal. When the FPS detection notification signal is input 
to the main counting section 130, the counter 131 starts a 
counting operation in which the initial value is set at "0." 
(Actually, the counting operation of the counter 131 is started 
indirectly because the count value of the check counter 136 
becomes "1" after the input of the FPS detection notification 
signal. ) If the count value of the counter 131 is "0," a signal 
that is output from the decoder 132 at the next clock has a 
logical value "1." Therefore, the time point when the FPS 
detection notification signal is taken out from the flip-flop 
134 after being delayed by one period of the DS1 reception 
signal coincides with the time point when the output of the 
decoder 132 becomes "1 . " Therefore, a signal having a logical 
value "1" is output from the AND gate 133 at this time point. 
This signal is taken out as a multi-frame timing signal MFT 
via the flip-flop 135. 

When a main reset signal MRST is input to the main counting 
section 130, the check counter 136 is reset (e.g., the counting 



initial value is set at "0") and starts a counting operation. 
For example, the check counter 136 is a 1-bit counter. When 
receiving a first FPS detection notification signal, the check 
counter 136 changes its count value from "0" to "1 . " The check 
counter 136 thereafter holds the count value "1" until it is 
reset again. The count value of the check counter 136 is also 
used as an enable signal for enabling a counting operation 
of the counter 131; the counter 131 starts a counting operation 
on condition that the count value of the check counter has 
become "1." The buffer 137 serves to cause the counter 131 
of the main counting section 130 to capture the count value 
of the counter 141 of the sub-counting section 140. 

When not receiving a re-synchronization mask setting 
signal M, one input terminal of the AND gate 138 is given a 
logical value "1" and hence the AND gate 138 sends the counter 
131 a re-synchronization instruction signal E2 that is input 
from the consecutive CRC errors judgment section 180 to the 
other input terminal. On the other hand, when receiving a 
re-synchronization mask setting signal M, the one input 
terminal of the AND gate 138 is given a logical value "0" and 
hence the AND gate 138 does not send the counter 131 a 
re-synchronization instruction signal E2 that is input from 
the consecutive CRC errors judgment section 180 to the other 
input terminal, that is, masks the signal E2 . 

FIG. 10 shows the configuration of the sub-counting 
section 140 and the connections thereof to peripheral sections . 
As shown in FIG. 10, the sub-counting section 140 includes 
a counter 141, a decoder 142, an AND gate 143, a flip-flop 
(FF) 144, and a clear signal generation section 14 5. 

When a sub-reset signal SRST. is input to the sub-counting 
section 140, a counting operation of the counter 141 is reset 
and the counting initial value thereof is set at "1." If the 
count value of the check counter 136 of the main counting section 
130 becomes "1 , " the counter 141 cyclically performs a counting 
operation in a count value range of "1" to "4 , 632" in synchronism 
with DS1 reception clock signals. The decoder 142 receivers 
an m-bit parallel output of the counter 141. The output of 



# 



the decoder 142 is at a high level if the m bits have 
predetermined values, respectively, and is at a low level if 
the mbits do not have the predetermined values, respectively. 
For example, the decoder 14 2 is set so that the output of the 
decoder 142 is at a high level if the count value of the counter 
141 is "1," and is at a low level if the count value is a value 
other than " 1 . " 

The AND gate 143 ANDs two signals that are input to its 
two input terminals. One input terminal receives a signal 
that is output from the decoder 142, and the other input terminal 
receives a signal obtained by delaying an FPS detection 
notification signal that is input to the sub-counting section 
140 via the flip-flop 144 by one period of the reception clock 
iQ signal. When the FPS detection notification signal is input 

^2 to the sub-counting section 140, the counter 141 starts a 

q counting operation in which the initial value is set at "1." 

(Actually, the counting operation of the counter 141 is started 
J| indirectly because the count value of the check counter 136 

b- becomes "1" after the input of the FPS detection notification 

^ signal. ) If the count value of the counter 141 is "1, " a signal 

fjy that is output from the decoder 142 at the next clock has a 

|J logical value "1." Accordingly, the time point when the FPS 

S detection notification signal is taken out from the flip-flop 

144 after being delayed by one period of the DS1 reception 
clock signal coincides with the time point when the output 
of the decoder 142 becomes "1. " Accordingly, a signal having 
a logical value "1" is output from the AND gate 143 at this 
time point. This signal is output from the sub-counting 
section 140 as a sub-counting timing signal SCT. The 
sub-counting timing signal SCT can be used as a monitoring 
output in monitoring whether the sub-counting section 140 is 
in a synchronized state. 

Receiving the count value of the counter 141 and the output 
value Gl of the AND gate 133 of the main counting section 130, 
the clear signal generation section 145 outputs a signal for 
resetting the counter 141 when the two input values have a 
predetermined relationship. Specifically, the clear signal 
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generation section 145 resets the counter 141 if the count 
value of the counter 141 is "2" when the AND gate 133 of the 
main counting section 130 outputs a signal having a logical 
value "1" in response to a first-input FPS detection 
notification signal a. The counter 131 of the main counting 
section 130 performs a counting operation in which the initial 
value is set at "0," and the AND gate 133 outputs a signal 
having a logical value "1" when the count value becomes "1." 
In contrast , the counter 141 of the sub-counting section 140 
performs a counting operation in which the initial value is 
set at "1." Therefore, the fact that the AND gate 133 of the 
main counting section 130 outputs a signal having a logical 
value "1" when the count value of the counter 141 is "2 "means 
that the main counting section 130 and the sub-counting section 
140 establish the sync position corresponding to the same FPS 
detection notification signal a. The counter 141 of the 
sub-counting section 140 is reset at this time point and the 
sync position in response to a FPS detection notification 
signal b that will be input next is established. 

Next, the operations of the main counting section 130 
and the sub-counting section 140 will be described in detail. 

FIG. 11 is an operation timing chart of the main counting 
section 130. FIG. 12 is an operation timing chart of the 
sub-counting section 140. The signal names such as "MRST" 
shown in FIGs . 1 1 and 1 2 correspond to the names of the respective 
input/output signals of the constituent sections shown in FIGs . 
9 and 10. 

If a main reset signal MRST that is input to the main 
counting section 130 is canceled, the count value of the check 
counter 136 is initially set at "0" , thus being updated to 
"1" in synchronism with the input of the next FPS detection 
notification signal. After the count value has become "1," 
a counting operation of the counter 131 is started. The logical 
value of an output signal SI of the decoder 132 is made "1" 
when the count value of the counter 131 becomes "1." On the 
other hand, a signal S2 produced by delaying an input FPS 
detection notification signal ("FPS" shown in FIGs. 11 and 



12) by one period of the DS1 reception clock signal is output 
from the flip-flop 134. A signal Gl corresponding to the AND 
of the two signals SI and S2 is output from the AND gate 133. 
Therefore, signals Gl are periodically output from the AND 
gate 133 in response to only first-input FPS detection 
notification signals. A multi-frame timing signal MFT 
produced by delaying the signal Gl via the flip-flop 135 by 
one period of the DS1 reception clock signal is output from 
the main counting section 130. 

If the out-of-sync state is detected by the out-of-sync 
detection section 150 and an out-of-sync detection signal MOUT 
is output therefrom, a main reset signal MRST is input to the 
main counting section 130 . Therefore, the counting operation 
of the counter 131 is returned to the initial state and the 
above-described series of synchronization operations is 
repeated from the start in response to the next, first-input 
FPS detection notification signal. 

If a re-synchronization instruction signal E2 is input 
from the consecutive CRC errors judgment section 180 to the 
main counting section 130, a preset operation of the counter 
131 is enabled and a count value of the counter 141 of the 
sub-counting section 14 0 that is input to the buffer 137 at 
this time point is captured by the counter 131. Since the 
counter 141 of the sub-counting section 14 0 performs a counting 
operation that is synchronized with second-input FPS detection 
notification signals , the main counting section 130 thereafter 
captures the sync position of the sub-counting section 140 
and outputs a new multi-frame timing signal MFT corresponding 
to this sync position. 

Although the main counting section 130 and the 
sub-counting section 140 thereaf ter operate with the same sync 
position, the counter 141 of the sub-counting section 140 is 
reset by the clear signal generation section 145 of the 
sub-counting section 140. Alternatively, if the out-of-sync 
state is detected by the out-of-sync detection section 160 
corresponding to the sub-counting section 140, a sub-reset 
signal SRST is input to the sub-counting section 140 and the 




counter 141 is thereby reset. When reset in such a manner, 
the counter 141 starts a new counting operation. Further, 
the sync position corresponding to the next FPS detection 
notification signal is established. 

As described above, in the frame synchronizing circuit 
100 according to the embodiment, in a case where sync patterns 
are detected at a plurality of locations of each multi-frame, 
an operation that the main counting section 130 performs 
synchronization based on- a position where a sync pattern is 
detected first and an operation that the sub-counting section 
140 performs synchronization based on a position where a sync 
pattern is detected next are performed in parallel. If a sync 
position which has been established by the main counting 
section 130 is in error, the sync position itself -which has 
been established by the sub-counting section 140 is captured 
by the main counting section 130 and used therein as a new 
sync position. Therefore, the time that is taken from 
detection of a sync position error to setting of a new sync 
position can be shortened. 

If the sync positions of the main counting section 130 
and the sub-counting section .140 coincide with each other, 
the sync position of the sub-counting section 140 is shifted. 
Therefore, synchronization can reliably be performed at 
different time points in the main counting section 130 and 
the sub-counting section 140 without the need for performing 
a complex control. 

If a sync position of the sub-counting section 140 is 
found to be in error, the next candidate for a sync position 
is searched for. This reduces the possibility that a sync 
position that is captured when a sync position of the main 
counting section 130 is in error is also in error. Therefore, 
the time that is taken until synchronization is established 
finally can be shortened. 

By detecting that a sync position of the main counting 
section 130 is in error in the form of presence/absence of 
consecutive CRC errors, a sync position error that occurs in 
a case where the same pattern as the sync pattern appears in 



each multi-frame can be detected correctly. 

By inputting a re-synchronization mask setting signal 
to the main counting section 130 , sync position error detection 
based on presence/absence of consecutive CRC errors can be 
disabled. This prevents erroneous detection in a case where 
setting is so made that data similar to the sync pattern does 
not exist in each multi-frame. 

By detecting, by a simple method of monitoring bit errors 
in a sync pattern with the out-of-sync detection section 150, 
that a sync position which has been established by the main 
counting section 130 is clearly in error, a transition to search 
for the next candidate for a sync position can be made quickly. 
Therefore, the time that is taken until setting of a correct 
sync position can be shortened. 

The invention is not limited to the above embodiment, 
and various modifications are possible without departing from 
the spirit and scope of the invention. For example, although 
in the above embodiment two sync positions are detected by 
using two frame synchronizing units , that is , the main counting 
section 130 and the sub-counting section 140, 3rd, 4th, ... 
sync positions may also be detected in parallel by increasing 
the number of sub-counting sections 14 0. This may be done 
in such a manner that a plurality of sub-counting sections 
are layered and the relationship between two adjacent 
sub-counting sections is made the same as the above-described 
relationship between the main counting section 130 and the 
sub-counting section 140. That is, a sync position of a 
higher-rank sub-counting section is so set as not to coincide 
with that of a lower-rank sub-counting section. If a sync 
position of the highest-rank sub-counting section is captured 
by the main counting section 130, sync positions of the second 
and following sub-counting sections may be moved up in order. 

Although in the above embodiment the out-of-sync 
detection section 160 is provided that corresponds to the 
sub-counting section 140, it may be omitted. In this case, 
there may occur an event that a sync position which has been 
established by the sub-counting section 140 is clearly in error . 
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However, since this error is detected by the out-of-sync 
detection section 150 when this sync position is captured by 
the main counting section 130, correction to another sync 
position is made quickly. Sections similar to the CRC error 
detection section 17 0 and the consecutive CRC errors judgment 
section 180 may additionally be connected to the sub-counting 
section 140. 

As described above, according to the invention, in a case 
where sync patterns are detected at a plurality of locations 
of a frame, an operation that synchronization is performed 
based on a position where a sync pattern is detected and an 
operation that synchronization is performed based on a 
different position from the above position are performed in 
parallel. If a sync position which has been established is 
in error, another parallel-detected sync position itself that 
is different from the initial or original sync position is 
captured and used as a new sync position. Therefore, the time 
that is taken until establishment of a new sync position can 
be shortiened. 

Further, according to the invention, by detecting a sync 
position error based on information other than a sync pattern 
in each frame, a sync position error can correctly be detected 
in a case where the same pattern as the sync pattern appears 
in the frame. 



